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Purpose: In an attempt o improve graft patency results of prosthetic bypasses to 
infrapopliteal arteries, we used a new type of adjunctive technique that combines an 
arteriovenous fi tula and vein interposition (AVF/VI). 
Methods: Over the past 5 years, 68 such reconstructions were performed in 62 patients 
with critical ischemia in whom a totally autogenous vein bypass was not feasible. 
Forty-seven patients (76%) had had one or more failed ipsilateral infrainguinal bypasses. 
The AVF/VI was performed by transposing the central portion of the adjacent deep vein 
onto the sideJ of the recipient artery. The distal end of a 6-ram polytetrafluoroethylene 
(PTFE) ringed graft then was anastomosed to the hood of the AVF. The segment of vein 
interposed between the PTFE graft and the recipient artery widened the anastomosis and 
improved the compliance mismatch. Simultaneous pressure measurements of the radial 
artery and the distal portion of the graft were obtained in all cases. 
Results: Significant pressure gradients ranging from 35 to 70 mm Hg were detected in 26 
bypas  es (38 % ), which led to banding of the venous outflow that decreased the gradient to 
within 20 mm Hg. A gradient 430 mm Hg was found in 28 bypasses (41%), and no 
banding was required if the absolute intragraft systolic pressure was/> 100 mm Hg. Only 
14 bypasses (21%) had no detectable pressure gradients. Twenty-six bypa ses originated 
from femoral arteries, 34 from iliac arteries, and 8 from patent proximal grafts. The 
recipient arteries were the anterior tibial artery in 33 cases, posterior tibial in 17, peroneal 
in 15, dorsalis pedis in 2, and lateral plantar in 1. All patients began a regimen of heparin 
6 to 8 hours after surgery and continued to receive chronic anticoagulation. Cumulative 
3-year assisted primary graft patency rates were 78%, 70%, and 62%, respectively. 
Cumulative 3-year AVF patency rates were 65%, 57%, and 46%, respectively. The 3-year 
limb salvage rate was approximately 78%. 
Conclusion: Adjunctive AVF/VI significantly improves infrapopliteal PTFE graft patency 
and limb salvage rates. The combination f a decreased compliance mismatch at the distal 
anastomosis and the abolishment of a large pressure gradient at the distal anastomosis 
while maintaining higher graft flow rates may have contributed to he improved results. 
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The rapid evolution of vascular surgical tech- 
niques during the past few years and the availability of 
an adequate venous conduit has set he stage for a 
more liberal and successful approach to salvage 
ischemic limbs caused by advanced atherosclerosis. 
This aggressive approach can be cxemplificd by the 
construction of arterial bypasses to the terminal 
branches of tibial vessels.1 Nevertheless, a significant 
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number of patients will face major amputation be- 
cause of insufficient amounts of vein with which a 
totally autogenous bypass procedure could be per- 
formed to one of the infrapopliteal rteries. In these 
instances, the physician must resort to the use of 
less-durable grafts made of prosthetic material if limb 
salvage is to be attempted. Several adjunctive tech- 
niques have been designed in an attempt to improve 
the poor patency results that have been achieved with 
prosthetic bypass grafts. These techniques include the 
administration f immediate and chronic anticoagu- 
lants, 2the construction of a vein patch or cuff at the 
distal anastomosis to prevent occlusion by intimal 
hyperplasia, 3'4 and the creation of a distal arterio- 
venous fistula (AVF) to increase graft blood flow in 
high outflow resistance systems, '6 Some of these 
techniques have improved prosthetic graft function 
mad rendered better patency rates than those reported 
by the randomized trial that compared polytetrafluo- 
roethylene (PTFE) and autogenous vein, 7 Never- 
theless, none of these adjunctive techniques have 
generated sufficiently good results to allow for com- 
placency, and more research is required in this chal- 
lenging field. 
Accordingly, we have examined a simple new 
technique that combines some of the principles afore- 
mentioned. In 62 patients with critical eg ischemia in 
whom a standard infrapopliteal vein bypass procedure 
was not feasible, we used a PTFE graft in combination 
with a distal AVF and vein interposition (VI) at the 
distal anastomosis n a single technique (AVF/VI). 
In this article we briefly review the literature on 
adjunctive techniques, detail and illustrate our pro- 
posed AVF/VI technique, analyze the intraoperative 
graft pressures measured uring surgery, and report 
on the early- and intermediate-term graft and fistula 
patency rates and the limb salvage results obtained 
with the AVF/VI technique. 
PATIENTS AND METHODS 
From February 1990 to March 1995, 62 patients 
received 68 infrapopliteal rterial prosthetic bypasses 
combined with an AVF/VI technique at Maimonides 
Medical Center in New York. Thirty-eight patients 
were men and 24 were women; the age range was 42 
to 87 years (mean, 69 years). Approximately 60% of 
the patients had diabetes, and 40% had smoldng 
history. Other cardiovascular risk factors included 
hypertension i 58%, myocardial infarction in 45%, 
stroke in 18%, and hyperlipidemia in 34%. Forty-seven 
patients (76%) had had from one to five failed ipsilat- 
eral infrainguinal bypasses. Critical ischemia was the 
sole indication for surgery in our series, with acute or 
chronic rest pain accounting for 38% of the cases, 
nonhealing ischemic ulcers in 34%, and gangrene in 
29%. 
We used 6-ram expanded and ringed PTFE tube 
grafts (W.L. Gore & Associates, Inc.; Flagstaff, Ariz.) 
in all operations. In 48 patients (77%) the choice of 
graft material was based on the lack of sufficient length 
of suitable veins available to perform the bypass. The 
remaining 14 patients were considered too frail to 
withstand the greater length ,of operating time that 
would be required to splice multiple short segments 
of vein. Bypass inflow originated from the common 
femoral artery in only 24 cases (35%). This is a 
reflection of our policy regarding the preferential use 
of the external iliac artery as inflow site to avoid a 
scarred groin that had previously been the site of 
surgery. 8 The external i iac artery served as a source of 
inflow in 29 cases (43%). The remaining donor 
arteries were the common iliac in five cases and the 
superficial femoral in two. Previously placed pros- 
thetic reconstructions al o participated asdonor sites: 
one of the femoral limbs of an aortofemoral bypass in 
four cases, an axillofemoral bypass in three, and a 
crossover femorofemoral bypass in one. The recipient 
arteries were the anterior tibial in 33 cases (49%), the 
posterior tibial in 17 (25%), the peroneal in 15 (22%), 
the dorsalis pedis in 2, and the lateral plantar artery in 
1. Of the 62 patients in our series, 58 had one bypass 
with a combined AVF~,  three had two such ipsi- 
lateral operations, and the remaining patient had four. 
Adequate preoperative standard or digital arterio- 
grams revealed poor runoffas defined by an absent or 
incomplete pedal arch in 40 cases (58%), an isolated 
infrapopliteal segment in 8 (12%) and an unusually 
small artery (<1.5 ram) in 6 (9%). The remaining 14 
cases (21%) had unimpeded istal flow into an intact 
pedal arch. Preoperative pulse volume recording trac- 
ings at the transmetatarsal level were obtained in all 
patients and varied from flatline to 7 mm in amplitude 
(mean, 1.9 + 1.8 ram). All patients began a regimen 
of heparin 6 to 8 hours after surgery and received 
chronic anticoagulation therapy with oral warfarin to 
maintain the prothrombin time at 1.5 times normal. 
Surgical technique. The basic surgical principles 
involved in creating acomplementary distal AVF/VI 
are the same as for any infrapopliteal bypass. Excellent 
illumination, fine instruments and, more importantly, 
commitment in time and effort are all crucial for the 
success of these reconstructions. Additional strategies 
to deal with intraoperative p;oblems were applied 
whenever indicated either to facilitate surgery or to 
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Fig. 1. A, Preferred site of transection of adjacent vein 
relative to arteriotomy. B, Vein prepared for end-to-side 
anastomosis toinfrapopliteal rtery. 
improve distal runoff. In nine cases (i3%) in which 
heavily and circumferentially calcified arteries were 
found at surgery, we used a previously described 
fracture technique to overcome the rigidity of the 
arterial wall that rendered it suitable for occlusion, 
incision, and suture placement. 9 In six cases (9%) a 
short stenotic arterial segment was used as an outflow 
site and was widened by the VI portion of the bypass, 
thereby decreasing the total outflow resistance) ° 
Adequate xposure of the recipient artery and its 
adjacent deep veins is achieved with standard ap- 
proaches. Once the better of the two deep veins is 
selected, extreme care and patience isrequired uring 
dissection of both the artery and vein. Every attempt 
should be made to avoid injury to the vein wall during 
dissection because control of bleeding may be difficult 
without further compromise of vein integrity. All vein 
branches are carefully isolated, doubly ligated with 
6-0 silk, and divided. At times, severe inflammatory 
reaction of the surrounding tissue may cause the vein 
and the artery to firmly adhere to each other. This 
should not discourage the physician from proceeding 
with the operation but rather to become ven more 
careful during the dissection. Extensive mobilization 
of the vein is demanded by this technique to permit its 
transposition onto the artery without undue tension. 
At least 2 cm proximal and 1 cm distal to the length of 
the arteriotomy is usually necessary toaccomplish t is 
goal. Next the recipient artery is mobilized and 
secured with silicon elastic vessel loops. After dissec- 
tion of the inflow artery, construction of the appro- 
priate tunnelings, and proper placement of a 6-ram 
ringed PTFE graft into the tunnel, the patient is given 
intravenous heparin. An arteriotomy ranging from 
1.3 to 2 cm is performed in the recipient vessel. The 
adjacent deep vein is then ligated and transected ata 
level anywhere from 0.5 to 1 cm distal to the endpoint 
of the arteriotomy (Fig. i). This is an important 
technical detail because both ends of the vein will 
retract on transection and the proximal end may be 
too short to reach the toe of the anastomosis. The 
open end of the central portion of the vein is then 
fashioned and anastomosed to the adjacent artery 
with continuous, monofilament 7-0 sutures in a 
four-quadrant technique where every stitch is applied 
under direct vision (Fig. 2, A). A venotomy isinitiated 
over the hood of the anastomosis and is extended 
proximally beyond the level of the heel of the arterio- 
venous anastomosis to prevent potential stricture of 
the vein (Fig. 2, B). Next, an end-to-side anastomosis 
is accomplished between the distal end of the PTFE 
graft and the vein with similar techniques (Fig. 2, C). 
After the proximal anastomosis is completed ina stan- 
dard manner, the damps are released and hemostasis 
is achieved by reversing the effects of heparin with 
protamine sulphate. Fig. 2, D shows the final configu- 
ration of our proposed complementary AVF/VI tech- 
nique. 
Routine intraoperative measurements of arterial 
bypass pressures were recorded in all cases byinserting 
a 21-gauge butterfly needle into the graft at the distal 
anastomosis. These measurements were taken from 
20 to 40 minutes after clamp release according to the 
period of time required to obtain hemostasis. The 
bottom end of Fig. 3, B depicts a 2- to 3-ram-wide 
band of PTFE wrapped around the vein just proximal 
to the distal anastomosis. This was a short-sleeve 
4-ram PTFE band that was slipped over the transected 
end of the vein and used to narrow the vein in cases 
where a gradient >30 mm Hg was detected between 
the bypass and the radial systolic pressures or when the 
absolute graft systolic pressure was <100 mm Hg. 
This pressure was arbitrarily chosen because it was 
believed that it would provide sufficient blood flow to 
heal a foot lesion. The amount of banding necessary 
to produce this pressure or to decrease a significant 
gradient was guided by continuous and simultaneous 
monitoring of intragraft and radial artery pressures. 
The same needle then was used to perform a comple- 
tion arteriogram in all cases to evaluate the adequacy 
of the technique. 
Follow-up and statistical analysis. All patients 
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Fig. 2. Technique to perform the distal AVF/WI. 
were accounted for throughout the study period. 
Patients were seen by an attending vascular surgeon 
within 2 weeks of surgery, 1 month after hospital 
discharge, and every 3 to 4 months thereafter. Graft 
and fistula patency were evaluated by physical exami- 
nation (auscultation fa bruit over the distal anasto- 
mosis) and by noninvasive parameters including pulse 
volume recording tracings and duplex scanning. De- 
terioration of distal pulses, worsening of noninvasive 
vascular test results, or recurrence of symptoms were 
indications for new arteriographic studies. The life- 
table method was used to calculate primary graft and 
fistula patency rates and limb salvage rates. Compari- 
son between preoperative and postoperative pulse 
volume recording tracings and graft peak systolic 
velocities (PSV) was performed with Student's t test. 
RESULTS 
Operative mortality rate. The overall 30-day 
postoperative mortality rate was 6.4% (4 patients), 
which, because all deaths resulted from myocardial 
infarctions, reflects an advanced stage of widespread 
atherosclerosis. 
Intraoperative graft pressures. Only 14 bypasses 
(21%) had intragraft systolic pressures >100 mm Hg 
and no detectable gradient when compared with the 
radial artery pressure. It is of interest to note that two 
of these patients ubsequently required banding of 
the vein portion of the fistula at 2 and 9 weeks after 
surgery because of massive dilatation of the vein and 
its branches. The recurrence of the ischemic symp- 
toms in both patients resolved after the banding 
procedure. A gradient <30 mm Hg was found in 28 
bypasses (41%); banding was deemed necessary in 
seven of these because the absolute intragraft systolic 
pressure was <100 mm Hg. In the remaining 26 
bypasses (38%) a gradient that ranged from 35 to 70 
mm Hg (mean, 43 mm Hg) led to routine banding of 
the deep vein, which effectively reduced the gradient 
to <30 mm Hg while maintaining systolic graft 
pressures >100 mm Hg. 
Noninvasive parameters. The pulse volume re- 
cording tracings at the transmetatarsal level improved 
significantly in the immediate postoperative period 
when compared with preoperative alues (14.1 _ 7.9 
mm compared with 1.9_ 1.8 ram, respectively; 
p < 0.01). The PSV measured atmidgraft in the early 
postoperative p riod (<1 month) varied from 21 to 
173 cm/sec (mean, 88.5 _+ 34.2 cm/sec). This factor 
was not an obvious predictor of graft patency because 
the mean PSV was 89.35 _+ 35.85 cm/sec for the 51 
patent grafts and 86.5 ± 29.8 cm/sec for the 17 grafts 
that eventually failed. 
Graft pateney results. Seventeen grafts (35%) 
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Fig. 3. Completed bypass demonstrates final configura- 
tion of distal AVF/VI without banding of venous outflow 
(A) and with banding (B). 
thrombosed from <1 month to 30 months after 
surgery, whereas the remaining 31 grafts are patent 
from <1 month to 54 months. As shown in Fig. 4 and 
Table I, the assisted primary graft patency rates at 1,2, 
and 3 years were 77.6%, 70.2%, and 61.9%, respec- 
tively. In this life-table the standard error was <10% 
only up to 30 months' follow-up with a graft patency 
rate of 66.8%. The standard error at 36 months was 
11.5%. 
Fistu la patency results. Twenty-five fistulas 
(37%) thrombosed from < 1 month to 48 months after 
surgery (mean, 9.8 months). Continued graft patency 
was observed in nine of these bypasses. Of the three 
fistulas that thrombosed within the first month after 
surgery, all led to immediate graft hrombosis. Of the 
22 fistulas that thrombosed late (>1 month), nine 
were associated with graft patency (41%). The cumu- 
lative fistula patency rates at 1,, 2, and 3 years were 
64.7%, 57%, and 46.2%, respectively (Fig. 5, Table II). 
A standard error <10% was observed until 30 month 
follow-up, when the fistula patency rate was 50.5%. 
Limb salvage rates. Eight major amputations 
were performed uring the study period. Four above- 
knee and four below-knee amputations resulted from 
seven thrombosed bypasses and one ligation of a 
patent bypass caused by graft infection at the distal 
anastomosis. Asdemonstrated in Fig. 6 and Table III, 
the cumulative limb salvage rates for the 62 patients in 
this series at 1, 2, and 3 years were 89%, 86%, and 
77.5%, respectively. The standard error at 3 years was 
12.3%; however, at 30 months it was only 10.2% with 
a patency rate at this interval of approximately 83%. 
Other complications. Serious wound complica- 
tions developed in two patients. One had a postop- 
erative lymphatic lcak that was the probable cause of 
a graft infection that ultimately led to a disruption of 
the proximal anastomosis to the external i iac artery. 
Fortunately, a crossover common femoral-to-deep 
femoral artery bypass graft preserved salvage of the 
limb despite the recurrence of an ischemic plantar 
ulcer. The other patient underwent a common femo- 
ral artery-to-peroneal artery bypass procedure with 
AVF/VI performed through a lateral approach. 
Three weeks after surgery full-thickness kin necrosis 
developed over the distal portion of the graft. A soleus 
rotational f ap covered with skin grafting was success- 
ful in healing the wound and preserving raft and 
fistula patency. Significant hemorrhage developed in 
two patients because of the anticoagulation therapy. 
The first patient experienced a sudden drop of he- 
matocrit level that may have been the cause of her 
postoperative myocardial infarction. The second pa- 
tient died of a large intracranial bleed 1 year after 
surgery. 
Postoperative swelling of the leg has not been a 
major factor in limiting ambulation. In fact, we have 
observed a dramatic improvement in the amount of 
leg edema 3 to 4 weeks after the operation. In eight 
patients, however, the initial swelling was severe 
enough to require bed rest and leg elevation for 
approximately 1 week after surgery. 
DISCUSSION 
Infrapopliteal arterial bypasses may be complex 
enough to discourage surgeons from creating another 
procedure unless uch an operation alone has limited 
durability. One common cause of arterial bypass 
failure is an exceedingly high outflow resistance, 
particularly when prosthetic grafts are placed in the 
infrapopliteal position. 6 Dean and Read n were the 
first to report the beneficial effects of an AVF on 
prosthetic graft in terms of improved patency in a 
canine model. The major flaw of this study is that the 
patency rates of the fistula and control grafts were 
compared in two different sets of animals, and a wide 
variability ofthrombogenic potential in these animals 
could have accounted for the observed ifferences in
graft outcome. More recently, we have controlled this 
variable by performing both types of procedures in 
the same animal. An iliofemoral PTFE bypass model 
was used in dogs to compare the patency results with 
and without a complementary AVF. 12 At 12-months' 
follow-up the AVF group had a graft patency rate of 
42%; in the control group it was only 24%. Although 
this difference was not statistically significant, prob- 
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Fig. 4. Cumulative life-table-assisted primary graft pa- 
tency rates for 68 infrapopliteal PTFE reconstructions with 
AVF/VI. Number at risk are shown at 6-month intervals. 
Standard errors at 30 and 36 months were 9.9% and 12.1%, 
respectively. 
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Fig. 5. Cumulative life-table-assisted primary fistula pa- 
tency rates for 68 infrapopliteal PTFE bypasses. Number at 
risk are shown at &month intervals. Standard errors at 30 
and 36 months were 9.8% and 11.3%, respectively. 
ably because of  the small number of animals used in 
this study, it gave credence to previous observations 
regarding the safety and durability of complementary 
AVF. 
One theoretic oncern with an AVF is the possi- 
bility of decreasing the blood flow into the distal 
circulation by shunting or stealing the arterial inflow 
into the venous system. In these circumstances, flow 
could even be diverted from the distal arterial bed into 
the venous system, producing the ultimate steal. 
Holman and Taylor a3 recommended that the size of 
the fistula should be less than or equal to the diameter 
of the artery or vein involved to avoid a steal phenom- 
enon. Kistner and Vermeulen ~4 suggested that the 
fistula anastomosis should be less than 60% of the 
diameter of the proximal artery to avert impairment of 
the distal circulation. Conversely, Schenk et al. ]5 did 
not detect any decrease in distal arterial flow subse- 
quent to a 1- to 1.5-cm anastomosis between the 
femoral artery and vein in dogs observed up to 1 year 
after fistula formation. Previous investigators have not 
identified this problem in their clinical experiences 
with prosthetic bypasses in conjunction with an AVF. 
In our series, however, we noticed a systolic pressure 
gradient between the distal graft and the radial artery 
/> 35 mm Hg in 26 bypasses (38%). Documentation of
a palpable pulse distal to the anastomosis and dem- 
onstration of forward flow into the recipient artery by 
duplex scanning or arteriography were not reliable 
indicators of adequate foot perfusion in these pa- 
tients. The absolute intragraft systolic pressure mea- 
sured at surgery in these bypasses was less than 100 
mm Hg, even as low as 50 mm Hg. After banding of 
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Fig. 6. Cumulative life-table limb salvage rates for 62 
patients entered in this study. Number at risk are shown at 
6-month intervals. Standard errors at 30 and 36 months are 
8.3% and 12.3%, respectively. 
the venous outflow the systolic graft pressure in- 
creased (>100 mm Hg) and the gradient dccreased 
(<20 mm Hg) in all patient s. This confirmed our 
belief that diminished istal arterial flow caused by an 
AVF is possible despite the absencc of inflow stenoscs. 
It is also possible that the resistance generated by a 
long 6-ram-diameter PTFE graft in response to the 
AVF was the main culprit for the observed ecrease in 
distal pressures. When a significant pressure gradient 
(>30 mm Hg) was detected wc opted to narrow the 
venous outflow to increasc the outflow resistancc and 
to decrease the pressure differential. Notably, deep 
veins larger than 4 mm in external diameter were 
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Tab le  I. Cumulat ive  l i fe-table graft  patency  rates for 68 inf rapopl i tea l  PTFE  bypasses w i th  
ad junct ive  AVF/V I  
Patients withdrawn 
due to 
Interval No. of grafts at No. of grafts Lost to Interval patency Cumulative Standard error 
(too) risk at start failed Duration follow-up Death rate patency (%) (%) 
0-1 68 3 2 0 4 0.95 IO0.O0 0 
1-3 59 2 6 0 0 0.96 95.38 2.7 
3-6 51 4 5 0 2 0.92 91.98 3.6 
6-9 40 3 4 0 0 0.92 84.23 5.3 
9-12 33 2 0 0 0 0.94 77.58 6.4 
12-15 31 0 1 0 1 1.00 72.88 6.8 
15-18 29 0 1 0 0 1.00 72.88 7.0 
18-21 28 1 1 0 0 0.96 72.88 7.2 
21-24 26 0 1 0 0 1.00 70.23 7.5 
24-27 25 1 8 0 1 0.95 70.23 7.7 
27-30 15 i 3 0 0 0.93 66.80 9.9 
30-33 11 0 1 0 0 1.00 61.86 11.5 
33-36 10 0 3 0 0 1.00 61.86 12.1 
36-39 7 0 0 0 0 1.00 61.86 14.4 
41-42 7 0 2 0 0 1.00 61.86 14.4 
42-45 5 0 1 0 0 1.00 61.86 17.1 
45-48 4 0 2 0 0 1.00 61.86 19.1 
48-51 2 0 1 0 0 1.00 61.86 27.0 
51-54 1 0 1 0 0 1.00 61.86 38.2 
Tab le  I I .  Cumulat ive  l i fe tab le  fistula patency  rates for 68 inf rapopl i tea l  PTFE  bypasses w i th  
ad junct ive  AVF/V I  
Patients withdrawn 
due to 
Interval No. of grafts at No. of grafts Lost to Interval patency Cumulative Standard error 
(too) risk at start failed Duration follow-up Death rate patency (%) (%) 
0-1 68 3 2 0 4 0.95 100.00 0 
1-3 59 5 6 0 0 0.91 95.38 2.7 
3-6 48 8 4 0 2 0.82 86.87 4.5 
6-9 34 3 4 0 0 0.91 71.42 6.5 
9-12 27 1 0 0 0 0.96 64.73 7.4 
12-15 26 0 1 0 1 1.00 62.33 7.5 
15-18 24 0 1 0 0 1.00 62.33 7.8 
18-21 23 2 0 0 0 0.91 62.33 8.0 
21-24 21 0 1 0 0 1.00 56.91 8.2 
24-27 20 2 4 0 1 0.89 56.91 8.4 
27-30 13 1 2 0 0 0.92 50.41 9.8 
30 33 10 0 1 0 0 1.00 46.21 10.7 
33 36 9 0 2 0 0 1.O0 46.21 11.3 
36-39 7 0 0 0 0 1.00 46.21 12.8 
41-42 7 0 2 0 0 1.00 46.21 12.8 
42-45 5 0 1 0 0 1.00 46.21 15.2 
45-48 4 1 1 0 0 0.71 46.21 16.9 
48-51 2 0 1 0 0 1.00 33.00 19.1 
51-54 1 0 1 0 0 1,00 33.00 27.0 
a lmost  always assoc iated w i th  s igni f icant  pressure  
grad ients .  We also learned  that  some deep veins may 
di late in the postoperat ive  per iod.  Two pat ients  ne-  
cess i tated band ing  o f  the  ve in  because o f  massive 
d i la tat ion  and  recur rence  o f  symptoms at 2 and  9 
weeks after surgery. As a sa feguard  against  this com-  
p l icat ion  we have rout ine ly  p laced a shor t  sleeve o f  
4 - ram PTFE  graft  a round the  deep ve in  just  p rox imal  
to the AVF. 
One  o ther  potent ia l  d i sadvantage  o f  an  AVF is to 
over load  the  r ight  ventr ic le  and  prec ip i tate  congest ive  
hear t  failure. To  date no  clinical or  exper imenta l  
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Table II I . Cumulative limb salvage rates for 62 patients (68 limbs) in the study 
Patients withdrawn 
due to 
Interval No. of limbs at No. of Lost to Interval patency 
(too) risk at start amputations Duration follow-up Death rate 
Cumulative Standard error 
patency (%) (%) 
0-1 62 1 2 0 4 0.98 100.00 0.0 
1-3 55 1 7 0 0 0.98 98.31 1.7 
3-6 47 2 7 0 2 0.95 96.40 2.7 
6-9 36 1 4 0 0 0.97 91.86 4.4 
9-12 31 0 0 0 0 1.00 89.16 5.3 
12-15 31 0 1 0 1 1.00 89.16 5.3 
15-18 29 0 1 0 0 1.00 89.16 5.5 
18-21 28 1 0 0 0 0.96 89.16 5.5 
21-24 27 1 0 0 0 0.96 85.97 6.2 
24-27 26 0 8 0 1 1.00 82.79 6.7 
27-30 17 1 3 0 0 0.94 82.79 8.3 
30-33 13 0 4 0 0 1.00 77.45 10.2 
33-36 9 0 2 0 0 1.00 77.45 12.3 
36-39 7 0 0 0 0 1.00 77.45 13.90 
41-42 7 0 2 0 0 1.00 77.45 13.90 
42-45 5 0 2 0 0 1.00 77.45 16.45 
45-48 3 0 1 0 0 1.00 77.45 21.23 
48-51 2 0 1 0 0 1.00 77.45 26.01 
51-54 1 0 1 0 0 1.00 77.45 36.78 
evidence has been found that cardiac failure is caused 
or worsened by the creation of an AVF along with an 
infrapopliteal bypass. Our own experience with the 62 
patients described herein supports the conclusion that 
a distal AVF is not harmful to the heart. 
Complementary distal AVFs were proposed as a 
simple solution to circumvent the problem encoun- 
tered when prosthetic onduits are used in a small 
caliber vessel with a low-flow/high-resistance system. 
Dardik and his group 16 not only championed the use 
of this type of adjunctive technique, but also pub- 
lished the largest clinical series on this subject. They 
constructed their fistulas by joining the common wall 
of the opened adjacent artery and vein and then 
suturing the graft end-to-side to the resulting com- 
mon ostium. Their experience with 210 such AVFs 
revealed 2-year graft patency rates from 18% for 
bypasses constructed uring the first 4 years of the 
study to 44% for the bypasses performed in the last 3 
years. Less acceptable r sults were published by Sny- 
der and associates, I7 who found a high rate of 
8-month fistula failure (70%) and limb loss (37%) in 
30 common ostium AVFs. 
Other types of AVF have been described and used 
in a limited number of patients with a short follow-up. 
For example, the construction of an AVF at the most 
distal extent of the recipient artery several centimeters 
below the distal arterial anastomosis, asdescribed by 
Paty et al., I8 was performed in 16 patients. This 
remote AVF had a average follow-up of only 9 months 
for the 11 patent bypasses. The average flow rate 
measured at the arterial segment distal to the fistula 
was only 19 ml/min, or 11% of the arterial flow 
proximal to the fistula. We previously described the 
use of the distal superficial venous system as an 
additional outflow site for high-risk perimalleolar 
bypasses.19 This saphenous turndown AVF technique 
was used in 12 cases and resulted in a 42% 1-year graft 
and fistula patency rate. 
The aforementioned xperiences with AVF are at 
best similar to the 45% 2-year infrapopliteal PTFE 
bypass patency rate achieved by Flinn et al. 2 by using 
continuous anticoagulation without an adjunctive 
AVF. Therefore the clinical results thus far reported 
for AVF have not been convincing enough, and its 
place in the vascular armamentarium continues to be 
controversial. 
It is well known that durability of prosthetic grafts 
is often curtailed by the formation of intimal hyper- 
plasia at the distal anastomosis. To address this issue 
some surgeons have constructed a cuff of vein inter- 
posed between the distal arteriotomy and the pros- 
thetic graft, 3'4 whereas others have placed a patch of 
vein across the distal anastomosis. 2° Although both 
techniques appeared to improve prosthetic graft pa- 
tency rates, they may not be as effective in cases of 
poor runoff. When the thrombotic threshold of the 
prosthetic graft has been reached, it is unlikely that the 
graft will remain patent regardless of what type of 
interposition vein chosen. 
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Fig. 7. Intraoperative completion arteriogram demon- 
strates patent PTFE bypass to proximal anterior tibial artery 
and free flow into vein portion of fistula and into distal 
circulation. Gradient of 50 mm Hg between distal anasto- 
mosis and radial pressures required banding of venous 
outflow (arrow). 
CONCLUSION 
Our combincd AVF/V I  technique attempts to 
correct the two main causcs of  infrapopliteal PTFE 
graft failure: limited runof fand intimal hyperplasia. It
widens the distal anastomosis with the same adjacent 
vein used as part o f  the fistula (Fig. 7). Moreover, we 
have confirmed the efficacy of  this technique in 
improving perfusion to the foot. Pulse volume re- 
cording amplitude tracings at the transmetatarsal level 
were significantly increased after surgery. A definitive 
explanation for the discrepant patency results be- 
tween the graft and the fistula is not yet available. We 
believe that the threshold for prosthetic graft throm- 
bosis may increase over time. In support of  this theory 
we have identified nine grafts that have remained 
patent despite late (>1 month) AVF /V I  closure, 
whereas none of  the three grafts with early AVF/V I  
closure experienced patency. The formation of  a 
stable pseudointima may have contributed to this 
phenomenon.  The 3-year esults obtained in terms of  
graft patency and limb salvage rates in this high-risk 
population are acceptable and continue to motivate us 
to enlarge this experience and to obtain longer 
follow-up. Unquestionably, a prospective, random- 
ized study that compares PTFE bypasses with and 
without the AVF/V I  technique in chronically antico- 
agulated patients will be necessary to delineate the 
final role for our adjunctive technique. It is possible 
that a variable such as an exceedingly high outflow 
resistance system may require the proposed tech- 
nique. 
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